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The end fire array is one of the most talked about, even if not the most often implemented of the < 
subwoofer arrays. It can be a challenge to wrap our heads around how we get the speakers to pla) 
in the forward direction and demolition derby on the back side. Looking at the speakers from a cc 
angle point of view is a non-starter. They are omnidirectional. How do you add 360 degrees and 3 
degrees? Easy: A 720 degree speaker (only made by Bose). 

Driven by Phase 

But seriously, the answer to the end fire behavior is not in the amplitude domain. All of the speake 
same way, they overlap by a factor of 100%. The spatial picture of the level is only a small factor in 
range of our interest, 125 Hz, where the speaker has become somewhat directional. 

The End Fire defined: 

a line array of emitters (in our case: speakers) that are spaced and time-sequenced to provide in-j 
addition on the forward side and out-of-phase rejection on the rear. The timing is set to compens 
diplacement between the sources in the forward direction. The most forward element is delay the 
sequentially less as we approach the last element. 
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In our example we will use 4 elements (you can use more or less- more makes it more directional) 
tja£mfl apart. The delay required will be multiples of 2.9ms to sync them in front. The physi 

found in Fig 1. 



gnment & Design Inc. All Rights Reserved. 


««« Note: The pictures here will expand to full-size if you click on it. Much easier to see the 
lines»»» 

The next thing to view is the individual radiation character of a single element in our frequency ra 
interest. The MAPP plots are 1/12 octave, which might seem severe for an omni speaker - but we 
high resolution to see the driving action of phase as we progress. Think about the fact that an oct; 
resolution plot incorporates a 2:1 range of wavelength. In order for us to clearly see the driving efl 
phase we can’t have a 2:1 slop factor in the data. What you see in Figs 02,04,& 05 are the decreasii 
nature as we rise in freq. This means that as freq rises we will have both level and phase steering c 
the bottom only the phase lever will be operational. 
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The Unfinished Product 

Next we look at what could have been. What would the response be if we spaced the elements in < 
(facing to the right) without the sequential delay taps. We could call it the End-No-Fire array or tf 
Begin-Fire. You choose. The reason to do this is to see where the amplitude goes. The answer is:: 
the phase. Let’s look now at the 31 Hz response in Fig 06. In Fig 06a we see the phase wavelength; 
the empty MAPP plot. If the speakers are 100% omnidirectional, this is all yOu need to know to set 
sound will go. The location where the lines cross is where they are in phase. The fronts of the spe; 
pointed to the right but by sleight of phase we have magically moved the main lobe up and down, 
shows the combined response of the 4 speakers and indeed the strongest sound is heading north 
The steering is not extreme, however. Why? The answer is in the phase again. The speakers are se 
only 32 degrees apart (2.9 ms and 31 Hz). The response in the left and right directions don’t fall all 
out of phase - no 180 degree type of differrentials. Therefore the relationship between the elemer 
like a lack of cooperation than a serious fight. 
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As we rise is frequency to 63 Hz (Figs 7a and b) the wavelength is cut in half. The displacement (1 n 
the same but the pahse shift is now 64 degrees per element. By the 4th element we have reached: 
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of phase shift. The list and 4th elements are in full conflict. The result can be seen in the squeezin 
sides in favor of up and down, where all 4 elements are 100% in phase. As we move around the cir 
the top) we can see the lines gradually moving apart. This coincides with the gradual loss of level < 
to the sides. 
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Next up is 125 Hz (Fig 8a and b). Once again the wavelengths shrink in half. Now we find ourselves 
speakers lapping each other on the sides and spreading out evenly in the corners. The full laps crc 
addition on the sides - mixed with the speakers that are NOT in phase - creating a push/pull situ 
is how side-lobes are built. On the diagonals we see the deepest cancellations - due to 4 evenly s 
arrivals. 
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The End Fire (with delay) 
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Now let’s add delay to the array. What happens is that part of the cycle elapses inside the electron 
delay) and this means that the cycle completes its 1st turn at a shorter distance from the speaker, 
on it turns again at the normal distance relative to its wavelength. In our first look (Fig 9a and b) w 
31 Hz. The four speakers all arrive in phase at the right side (in front of the speakers). Each travels 
distance, but each has a different electronic head start. The result is the all finish their first lap at 
spot and then go forward from there. 

On the back side the electronic head start still applies - but the physical head start is reversed (is 
butt-start instead?). The result now is that the phase responses fall more quickly apart - such tha 
A and D are 197 degrees apart - big time cancellation. 
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The next picture shows 63 Hz (Fig 10). The same thing happens in front but now the back side is s] 
more than a full lap. The sides (top and bottom of our screen) gradually fall apart as we move frorr 
back, creating the incremental steering that concentrated energy forward and rejects it rearward, 
meachanism is laid bare here - where the lines converge is where we see the energy - where the) 
see blue. 
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By the time we reach 125 Hz (Fig 11) we are turning multiple laps on the back side and even on the 
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(hence the side lobes). There is also a small component of directionality of the speakers here. 
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So hopefully this helps clarify some of the mysteries of the end fire array. Comments or questions 
welcome, of course. 

I have done similar work on several other cardioid sub arrays and will post those when I can. 

Share this: 

Tweet 

Share 10 

filed under: alignment & design, live sound, speaker array, subwoofer array, tuning techniques tagged with: ca 
phase, subwoofer, wavelength 
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Comments 

Corey Abelove says: 

October 19, 2011 at 7:49 pm 

Being such a visual learner, this article has been like a revelation to me. Thank you Bob ! And by the way, any 
SIM classes coming to Las Vegas in the next year ? 

Reply 

Tony Gardner says: 

April 16, 2012 at 8:44 pm 

Great article, seeing the waveforms in color like that will help me heaps u 
Reply 

6o6 says: 

April 16, 2012 at 8:47 pm 

Thanks Tony, 

Glad you found it useful! 

Reply 


Chris Hunt says: 

October 4, 2012 at 2:06 pm 

Just about to start my third year University project on the applications of end fire arrays. Please can you tell 
me what software you used to create your plots? Also have you looked at the applications of sub arrays in but 
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where there are reflections? 
Thanks for the articles. 

Chris 

Reply 
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Blog -- Topsy.com says: 

April 19, 2010 at 11:28 pm 

[...] This post was mentioned on Twitter by Sara, Ellen Juhlin. Ellen Juhlin said: Just found Bob 
McCarthy's blog, great post (with math and diagrams!) about cardioid subwoofer arrays: http :// 
/afPKoE [...] 

Reply 

Cardioid Sub Woofer Arrays « KB Consulting says: 

July 23, 2010 at 6:42 pm 

[...] The best I hav sen on this topic is: Phase Wavelengths: The End Fire Cardioid Array made vis 
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Cl Notify me of follow-up comments by email. 
□ Notify me of new posts by email. 
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